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DRILL, AND DRILLING METHOD 



The invention relates to a method and a device for drilling deep boreholes in workpieces 
and a drill for such a device, according to the preambles of claims 1, 29, 53 and 67. 

Deep bores are defined as bores where the ratio of the bore depth to the diameter is equal 
to or greater than 5 to 10. In engineering terms at bore depths with diameter ratios from 
about 1 00 very high demands have to be accommodated. At bore depths with diameter ra- 
tios of this size it becomes increasingly difficult to ensure a straight, longitudinal dimen- 
sion for the borehole. The use of so-called single-lipped drills has proved to be economi- 
cally advantageous for boring deep bores. 

A single-lipped drill of this kind is known for example from DE 36 29 033 C2. In this 
document a single-lipped drill is described with a coolant feeding channel and a drill head 
supporting a cutting plate. The drill head made from a solid hard metal is secured to a drill 
shaft, whereby the coolant feeding bore is formed by a common axially aligned bore in the 
drill shaft and the drill head. The drill shaft is provided with a V-shaped chip removal 
groove or bead. 

From document DE 44 30331 Al a method and a device are known for influencing the 
progress of deep bores. The longitudinal dimension of the borehole is influenced by a pres- 
sure piece inserted into the gap between the bore and the drill rod or drill shaft, by means 
of which the drill shaft is bent specifically in one direction and the drill head is forced into 
the desired direction. By these means it should be possible to return an already started bore 
back into the desired direction or to stop such a misalignment from occurring. 

The objective of the invention is to provide a device and a method for drilling deep bores 
by which the efficiency of influencing the longitudinal dimension of the borehole can be 
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improved. A further objective of the invention is to provide a device and a method by 
means of which the longitudinal dimension of the borehole can be influenced in an auto- 
mated way as far as possible. 

The objective of the invention is achieved by means of the drill according to the features of 
claim 1 . The advantage here is that the lateral rear offset on the drill head of the drill is 
provided for forming a volume between the corresponding surface area of the drill head 
and the side wall of the bore into which the drill is inserted. Drill fluid, which is brought 
into the area of the drill head during drilling, fills this volume and forms a pressure cushion 
which exerts as a reaction force a lateral radial force on the drill head. The drill according 
to the invention thus has the advantage that a radial force can be exerted specifically on the 
drill head, and thus the direction of the longitudinal dimension of the borehole can be in- 
fluenced. 

According to a development of the drill a normal to the surface of the rear offset with the 
angle halving ends of the V-shaped chip removal groove or bead of the drill encloses an 
angle, selected from a range of -50° to +50°, preferably from a range of -30° to +30°. It is 
advantageous here that by selecting this angle of the normal to the surface of the rear offset 
on the drill head an optimal alignment of the radial force can be achieved to support the 
force of the cutting edge on the workpiece to be processed. 

In addition, the rear offset is positioned at an end part of the drill head facing the drill tip 
and extends in axial direction and/or the rear offset is designed to have certain width, 
whereby the ratio between the diameter of the drill head and the width of the rear offset has 
a value from a range of 0.1 to 0.8. The advantage of this is that in this way a sufficiently 
large volume is available for forming the pressure cushion of the drill fluid with a suffi- 
ciently large effective cross sectional surface to produce the radial force. The develop- 
ments of the drill according to claims 10 to 17 have the advantage that by means of the cor- 
responding design of the cutting edge of the drill head the lateral deflection ability is par- 
ticularly effective due to the action of a radial force on the drill head. 

The design of the drill, in which in a surface area of the drill head formed by the rear offset 



a second outlet opening is arranged for letting the drill fluid flow out into the region of the 
drill head, has the advantage that in this way, the pressure wave introduced by the pulsat- 
ing flow of drill fluid is directed directly against the side wall of the drill and thereby its 
action is assisted. 

By means of the design of the drill in which the opening axis of the outlet opening is in- 
clined in the region of the rear offset relative to the normal to the surface of the rear offset, 
and said inclination has a value from a range of 0° to 70°, there is an advantage in that in 
this way the pressure wave introduced by the outflowing drill fluid produces a reaction 
force by which the cutting edge force is supported, i.e. the radial force introduced by the 
pressure wave and the cutting edge force have almost the same dimensional direction. 

According to a further embodiment, next to the outlet opening in the surface area of the 
rear offset there is a further outlet opening in a surface area of the drill head formed by the 
bead, whereby said further outlet opening is arranged in an area of the drill head further 
apart from the drill tip of the drill head. The advantage of this is that with a drill of this 
kind there is the possibility of torque changing the direction of the axis of rotation. Thus 
with this drill there is an additional independent way of influencing the longitudinal pro- 
gress of the borehole, i.e. in addition to the action of a radial force the action of a torque on 
the drill head is also possible. 

According to an alternative embodiment, in the region of the rear offset on the drill head a 
piezoelectric element is arranged and said piezoelectric element is designed to have a bear- 
ing side, whereby the bearing side is designed to be in alignment with the enclosing cylin- 
der casing surface of the drill head. The advantage of this is that in this way, a radial force 
acting on the drill head can only be produced by the introduction of electric pulses. In this 
way it is also possible to generate rotationally synchronous radial forces at very high 
speeds of the drill. 

It is also possible for the drill head of the drill to have an element emitting electromagnetic 
radiation or for this element to be formed by a piece of a chemical element emitting 
gamma radiation. This has the advantage that in cooperation with a radiation detector 



which is guided up from the outside against the workpiece, the distance from the surface of 
the workpiece and then the dimensional direction of the borehole can be measured. It is 
advantageous in this case in particular that this measurement can also be carried out con- 
tinuously without interrupting the drilling procedure. 

The objective of the invention is also solved independently by a device for drilling a bore- 
hole in a workpiece according to the features of claim 29. It is an advantage here that in 
this way the drill fluid circuit required for the drilling process, by means of which drill 
fluid required for cooling and lubricating the drill is fed into the borehole, can also be used 
at the same time to influence specifically the direction of the longitudinal dimension of the 
borehole. 

A further development of the device for drilling a borehole is also advantageous, according 
to which the drill fluid circuit comprises a pulse line with a valve, whereby the pulse line 
branches off immediately before the rotary transfer from the feed line for the drill fluid into 
the drill. In this way the periodic, rotationally-synchronous pressure pattern of the drill 
fluid, necessary for generating the radial force acting in a desired rotational angular area, is 
produced solely by briefly opening or closing the valve in the pulse line. Thus in addition 
to a pump for generating the drill fluid flow no additional pump is required to generate the 
pulsing pressure pattern. 

It is also provided, that in the drill fluid circuit of the device a filter device with a coarse 
filter or fine filter is provided for the drill fluid. In this way any friction caused by dirt par- 
ticles, which are transported with the drill fluid, is largely avoided at the valve or control 
edges of the valve, and thus the lifetime of the valve is greatly increased. 

A design of the device is also advantageous in which the supply line and/or the pulse line 
of the drill fluid circuit are formed by a line which has a high resistance to radial or longi- 
tudinal stretching. In this way any undesired reductions in the pressure pulses of the peri- 
odic pressure pattern of the drill fluid are avoided as well as too great a flattening of the 
rising or falling slopes of the pressure pattern. 



It is also provided that the device comprises a measuring device for measuring the longitu- 
dinal dimension of the borehole. This makes it possible in an advantageous manner to co- 
ordinate the radial force with the respective position or deviation of the drill head from the 
desired longitudinal direction of the borehole. 

It is also provided that the device for drilling the borehole comprises a control device 
which is connected with the rotary sensor, the measuring device and the valve. This means 
that the drilling process can be carried out as far as possible in an automated manner. 

According to a development of the device, the latter also comprises a drill pipe with a drill 
bush and a drill bush shaft, whereby in the drill bush an eccentrically arranged drill guiding 
hole is formed and the drill guiding hole is aligned obliquely relative to the longitudinal 
middle axis of the drill bush. By means of this drill pipe there is a further possibility of ra- 
dial force acting on the drill, in that by means of the drill pipe and a further drill with a 
smaller diameter, which can be guided through the drill guiding hole of the drill bush, a so- 
called eccentric taphole bore or eccentric prebore can be produced. With the subsequent 
continuation of drilling the borehole with the original drill of diameter D, said drill then on 
penetrating into the prebored borehole experiences a corresponding radial force due to the 
eccentric arrangement . 

The objective of the invention is solved independently by a device according to the fea- 
tures of claim 53. It is an advantage in this case that the periodic pressure pulses for gen- 
erating radial force can be generated solely by the introduction of electric pulses to the pie- 
zoelectric element. 

Advantageous developments of this device are also described in claims 54 to 66. 

A further independent solution to the problem of the invention is provided by the method 
according to the features of claim 67. The advantage here is that by means of this method a 
borehole can be produced with the desired longitudinal dimension. If the longitudinal di- 
rection of the borehole is measured during the drilling procedure, the direction and the size 
of the radial force acting thereon can be controlled to produce a borehole in the workpiece 
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that is as straight as possible. Furthermore, it is also possible by means of this method to 
produce a borehole with a curved, i.e. non linear path, in that during the advancement of 
the drill into the workpiece the direction and size of the radial force which acts on the drill 
head, as well as the angular area or the so-called opening angle via which the radial force 
acts, can be controlled accordingly. 

Further advantageous variants of the method are described in claims 68 to 97. 

For a better understanding of the invention the latter is explained in more detail by way of 
the following figures. 

In a schematically simplified view: 

Fig. 1 shows a device for drilling a deep borehole in a workpiece; 

Fig. 2 shows a side view of the drill viewed from a direction perpendicular to the drill 
axis; 

Fig. 3 shows a plan view of the drill head of the drill according to Fig. 2; 

Fig. 4 shows a further embodiment of the drill with a second outlet opening in side 
view; 

Fig. 5 shows a plan view of the drill head of the drill according to Fig. 4; 

Fig. 6 shows a further embodiment of the drill; 

Fig. 7 shows a side view of the drill according to Fig. 6; 



Fig. 8 



shows a drill pipe with a drill for producing an eccentric prebore, in perspective 
view; 



Fig. 9 shows a drill bush of the drill pipe according to Fig. 8 ? shown in cross section; 

Fig. 10 shows a further embodiment of the drill bush of the drill pipe according to claim 
8; 

Fig. 1 1 shows a further embodiment of the device for drilling a borehole in a workpiece; 

Fig. 12 shows a drill according to the embodiment of the device according to Fig. 1 1 , in 
plan view of the drill tip. 

Firstly, it should be noted that in all of the variously described embodiments, the same 
parts are given the same reference numbers and same component names, whereby the dis- 
closures contained throughout the description can be applied to the same parts with the 
same reference numbers or same component names. Also the details on position used in 
the description such as e.g. top, bottom, side etc. refer to the figure currently being de- 
scribed and shown at the time and if there is a change in position these should be changed 
to relate to the new positions. Furthermore, individual features or combinations of features 
of the embodiments shown and described represent in themselves independent, inventive 
solutions according to the invention. 

Fig. 1 shows a device 1 for drilling a deep borehole 2 in a workpiece 3 in a schematically 
simplified view. By way of Fig. 1 the functioning of the method according to the invention 
for drilling deep boreholes is explained in more detail. 

The workpiece 3 is secured onto a clamping table of a deep drilling machine (not shown). 
The workpiece 3 is a longitudinally extended part, in which the borehole 2 is aligned ap- 
proximately parallel to the longitudinal extension of the workpiece 3. The borehole 2 is 
produced by means of a drill 4, which is formed by a drill head 5 and a drill shaft 6 sup- 
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porting the latter. The drill 4 is driven by a drill spindle 7, in which the drill shaft 6 is se- 
cured. 

The device 1 also comprises a drill fluid circuit 8 for a cooling lubricant or drill fluid 9. 
During the drilling with the drill 4 the drill fluid is suctioned out of a tank 1 0 by a pump 1 1 
and is pumped through a channel 12 in the drill shaft 6 or the drill head 5 to the drill head 5 
or a drill tip 13. Together with the shavings the drill fluid 9 leaves the borehole 2 and is 
collected in the region of the drill spindle 7 in a collecting container 14. After this the drill 
fluid 9 is passed through a coarse filter 15 and a fine filter 16 and then returns to the tank 
10. In order to introduce the drill fluid 9 into the channel 12 of the drill shaft 6 a rotary 
transfer 17 is provided on the drill spindle 7 by means of which a supply line 18 for the 
drill fluid 9 is coupled with the channel 12 and the drill shaft 6. 

According to this embodiment the longitudinal dimension of the borehole 2 is achieved by 
introducing a radial force 19 acting periodically over a predeterminable rotational angular 
area, whereby said radial force 19 is generated by the fluctuations in pressure of the drill 
fluid 9. 

To generate the periodic pressure fluctuations a pulse line 25 is provided, which opens 
shortly before the rotary transfer 17 into the supply line 18. The pulse line 25 leads to a 
valve 26, which is preferably in the form of a servovalve. By opening the valve 26 a partial 
flow of the drill fluid 9 is diverted, which results in a corresponding reduction in the pres- 
sure of the drill fluid 9. By periodically opening and closing the valve 26 the pressure of 
the drill fluid 9 in the channel 12 of the drill 4 or in the region of the drill tip 13 acts in a 
periodically pulsating manner. As described in the following, it is possible by means of the 
fluctuations in pressure of the drill fluid 9 in the region of the drill tip 13 to generate a pe- 
riodically acting radial force 19 on the drill head 5, by means of which the longitudinal di- 
mension of the borehole 2 can be influenced specifically. According to the desired radial 
direction or the desired rotational angle range of the radial force 19, the periodically puls- 
ing pressure of the drill fluid 9 is synchronised with the rotation of the drill head 5 or the 
drill 4. 
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By making the valve 26 a servovalve, the periodically changing pressure patterns of the 
drill fluid 9 can be generated in an advantageous manner, whereby rising and falling slopes 
in the profile of the pressure pattern can be flattened in a specific manner. Rapid rises or 
falls in the pressure pattern are thus prevented and an excessive mechanical loading of the 
various components of the drill fluid circuit 8 and the workpiece 3 is avoided. 

In order to determine the current relative position of the drill head 5 of the drill 4 in rela- 
tion to a rotation about a drill axis 27, a rotary sensor 28 is arranged in the region of the 
drill spindle 7. By means of said rotary sensor 28 both the current angular position of the 
drill head 5 relative to the drill axis 27 and the angular speed or rotational speed of the drill 

4 can be measured. The rotary sensor 28 is preferably formed by a light barrier and an ap- 
erture or aperture disc secured to the drill spindle 7. In order to synchronise the periodic 
pressure fluctuations of the drill fluid 9 with the rotational movement of the drill 4 the de- 
vice 1 is designed with a control device 29, by means of which the signals of the rotation 
sensor 28 can be detected and on the other hand the valve 26 in the pulse line 25 can be 
opened or closed accordingly. The control device 29 is preferably in the form of a personal 
computer. 

So that the borehole 2 can be drilled with the desired longitudinal dimension, the device 1 
is equipped with a measuring device 30 which is also connected by signal with the control 
device 29. The measuring device 30 has a measuring head 3 1 by means of which the di- 
mensional longitudinal direction of the borehole 2 or the current position of the drill head 

5 of the drill 4 can be measured. This is preferably performed by measuring a radial dis- 
tance 32 of the drill head 5 or the borehole 2 from a surface 33 of the workpiece closest to 
the borehole 2. The measuring head 31 of the measuring device 30 is mounted on a meas- 
uring head support 34, by means of which it moves along the surface 33 of the workpiece 3 
and can be aligned in its dimensional position. The control device 29 also controls the 
measuring head support 34. In addition to the measuring signals of the measuring head 31 
of the measuring device 30 the control device 29 also picks up data from a position meas- 
uring device, with which the measuring head support 34 is connected, from which the cur- 
rent position of the measuring head 3 1 can be determined. Furthermore, by driving corre- 
sponding stepping motors or pneumatic cylinders the measuring head 3 1 is displaced on 



the surface 33 of the workpiece 3. The measuring head 31 is preferably guided along with 
the drill head 5 during the drilling of the borehole 2 according to a depth 35 of the borehole 
2 by movement in Z-direction. If a measurement of the radial distance 32 needs to be 
taken, the measuring head 3 1 is guided by means of the measuring head support 34 in X- 
direction to the surface 33 of the workpiece 3 ? and then the radial distance 32 can be de- 
tected by the measuring head 3 1 . The detection can be made by displacing the measuring 
head 31 in Y-direction, i.e. in a direction perpendicular to the plane of the drawing of Fig. 
1 or in a direction perpendicular to the X-Z plane, at different Y positions of the measuring 
head 3 1 . From the different values of the radial distance 32 from various Y positions, by 
triangulation, the position of the borehole 2 relative to the corresponding Z value can be 
calculated. The X-Y values found by the measurement of the radial distance 32 of the 
borehole 2 can also be interpreted as the average deviation of the borehole 2, in that the 
respective X-Y values are related to the X or Y value of the start of the borehole 2, i.e. for 
an ideally straight borehole 2 the differences between the X-Y values to any Z-values of 
the borehole 2 and the X-Y value of the start of the borehole should always be 0. 

The measuring device 30 for measuring the longitudinal dimension of the borehole 2 is 
preferably an ultrasound siting system. The radial distance 32 is thus measured by means 
of the transit time of a sound pulse reflected accordingly at the borehole 2 or the drill head 
5. For this the measuring device 30 has at least one ultrasound transmitter 36 and at least 
one ultrasound receiver 37. The ultrasound transmitter 36 and the ultrasound receiver 37 
are preferably arranged in a common ultrasound measuring head or the common measuring 
head 31. 

Prior to commencing the measuring procedure with the measuring device 30 in the region 
between the measuring head 31 and the surface 33 of the workpiece 3 an electro lube is in- 
serted from an electrolube container, by means of which any undesirable attenuation of the 
ultrasound signals is kept as low as possible on the surface 33. 

A measurement of the radial distance 32 by the measuring device 30 can be initiated either 
by a control signal from the control device 29 or by a machine operator. The measuring 
head 3 1 with the ultrasound transmitter 36 and the ultrasound receiver 37 is then pushed by 
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means of a pneumatic linear guide (not shown) of the measuring head carrier 34 to the sur- 
face 33 of the workpiece 3. After the supply of electrolube the radial distance 32 is meas- 
ured at two different Y-positions of the measuring head 3 1 . From the distances 32 to the 
respective Y-positions of the measuring head 3 1 the corresponding X and Y value of the 
borehole 2 to the actual Z position of the measuring head 3 1 is calculated. By means of the 
corresponding measurements and calculations of the X and Y values of the borehole 2 to 
consecutive Z positions of the measuring head 3 1 the longitudinal dimension of the bore- 
hole 2 can be determined. 

If this measurement establishes an excessive deviation from the desired - usually straight - 
longitudinal dimension of the borehole 2 5 by means of the control device 29 firstly the di- 
rection required to correct this deviation or the corresponding rotational angular area of the 
radial force 19 is calculated. In combination with the actual speed or angular speed of the 
drill 4 which is determined by the rotary sensor 28 the control device 29 then calculates the 
required time characteristic of the periodic change in pressure of the drill fluid 9 or a fre- 
quency and phase position for opening of closing the valve 26 to generate corresponding 
fluctuations in pressure or pressure pulses of the drill fluid 9. In this case the frequency of 
the pressure fluctuations of the drill fluid 9 is usually equal to the speed of the drill 4. A 
specific rotational angular region for the radial force 19 can be achieved in that the pres- 
sure fluctuations are generated with a corresponding temporal phase shift relative to a de- 
fined initial position of the drill head 5. The initial position corresponds to the relative an- 
gular position of the drill head 5 in relation to the drill spindle 7. Angle values for radial 
directions relative to the fixed workpiece 3 are thus converted into corresponding fractions 
of the duration of rotation of the drill 4. This is performed preferably in an automated 
manner by the control device 29. 

In the described method for generating radial force 19 by generating rotational- synchro- 
nous pressure fluctuations of the drill fluid 9, the control device 29 considers additional in- 
fluencing variables for calculating the time characteristic of the periodic change in pressure 
of the drill fluid 9. The relative angular position of the drill head 5 in relation to the drill 
spindle 7 is determined on clamping the drill 5 into the drill spindle 7 and is thus known. 
This relative angular position of the drill head is changed by the drilling of the drill 4 due 



to the torsion acting on the drill head 5. This change of the relative angular position is in 
turn influenced by forces acting on the cutting edge on the drill head 5, but can be consid- 
ered at least approximately by the control device 29. The delayed generation of radial force 
1 9 due to the final spreading speed of the pressure pulses in the lines of the drill fluid cir- 
cuit 8 or the channel 12 in the drill 4 also need to be taken into account. The actuation of 
the valve 26 thus needs to be carried out earlier by the control device 29 according to the 
running time of pressure pulses in the lines. A determining factor for this are the lengths of 
the lines or the channel 12 and the speed of sound spreading in the drill fluid 9. In order to 
measure the actual time characteristic of the pressure of the drill fluid 9 a pressure sensor 
38 is arranged at least in the supply line 18 of the drill fluid circuit 8. This pressure sensor 
38 is preferably positioned in the vicinity of the rotary transfer 17 on the drill spindle 7. 

In general, the frequency for the time characteristic of the periodic pressure fluctuations or 
pressure pulses of the drill fluid 9 is selected to be equal to the speed of the drill 4, i.e. with 
each rotation of the drill 4 a pressure pulse is introduced through the drill head 5 into the 
borehole 2. According to an alternative embodiment variant of the method according to the 
invention the introduction of pressure pulses does not occur with each rotation of the drill 
4. Thus for example it may be that a pressure pulse of the drill fluid 9 to generate radial 
force 1 9 is only introduced after two, three, four etc. rotations. This means that the ratio of 
the frequency of rotation of the drill 4 or the speed of the drill 4 and the frequency of the 
time characteristic of the periodic change of the pressure or pressure pulses of the drill 
fluid 9 is a whole number, i.e. for example 2, 3, 4 etc. This procedure of generating the 
pressure pulses of the drill fluid 9 with the control device 29 with a frequency which corre- 
sponds only to a fraction of the speed of the drill 4, has the advantage of also being able to 
influence the strength or intensity of the deflection of the drill head 5 to influence the lon- 
gitudinal dimension of the borehole 2. Only by a corresponding reduction in the frequency 
of the periodic pressure pattern can the curvature of the borehole 2 be reduced, in that dur- 
ing the penetration of the drill 4 into the workpiece 3 fewer pressure pulses act upon the 
drill head 5. This means that the pressure pulses deflecting the drill head 5 are distributed 
over a greater longitudinal area of the depth 35 of the borehole 2. A further advantage is 
that by means of the lower frequency of the pressure pulses of the drill fluid 9 the me- 
chanical load on the valve 26 is suitably lower. 



For the drill fluid 9 commercially available drill oils are used with a viscosity at 40°C of up 
to a maximum of 30 mm 2 /sec.The drill fluid 9 preferably has a viscosity at 40° C from a 
range of up to max. 22 mm 2 /sec. Pressure in the region of at least 60 bar is generated to 
produce the radial force 18 by means of the pump 1 1 of the drill fluid circuit 8. As a time 
changeable components of the pressure, pressure differences are used from a range of 1 5 to 
30 bar. In order to generate a greater radial force 1 9 by way of greater pressure differences, 
pressure from the region of at least 160 bar or even pressure from the region of at least 300 
bar is generated by the pump 1 1 . Depending on the material strength of the workpiece 3 it 
is also possible for the pressure of the drill fluid 9 to be used from in the region of at least 
600 bar. In special cases it is also possible for the pressure of the drill fluid 9 to be in the 
region of at least 4,000 bar. For this it is provided that the lines forming the drill fluid cir- 
cuit 8, i.e. at least the supply line 18 and the pulse line 25 are made from materials which 
have high resistance to radial or longitudinal extension or have a high elasticity module. In 
this way undesired pressure losses of the pressure pulses directed to the drill tip 13 for gen- 
erating the radial force 19 can be prevented as far as possible. 

By way of the following Figs. 2 and 3 a first embodiment of the drill 4 according to the 
invention is described. 

Fig. 2 shows a side view of the drill 4 as viewed from a perpendicular direction relative to 
the drill axis 27. Here only a short piece is shown of the drill shaft 6 supporting the drill 
head 5 of the drill 4. The basic shape of the drill 4 is designed in a similar way to a so- 
called single lip drill. This means that the drill head 5 has on the drill tip 13 only one a cut- 
ting edge 52 extending over a part of the diameter D 51 of the drill 4. The cutting edge 52 
is formed by a first cutting edge section 53 which faces the drill axis 27 and a second cut- 
ting edge section 54 which faces away from the drill axis 27, whereby a cutting edge tip 55 
is formed between the two cutting edge sections 53, 54. The channel 12 for supplying the 
drill fluid 9 (Fig. 1) has an outlet opening 55, which is arranged in the region of a face side 
57 of the drill tip 13, whereby an opening axis 58 of the outlet opening 55 or channel 12 is 
aligned at least almost parallel to the drill axis 27. 

Fig. 3 shows a plan view of the drill head 5 of the drill 4 according to Fig. 2. 
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The drill 4 or the drill head 5 has a lateral cross-sectional narrowing in the form of V- 
shaped chip removal groove or bead 59. By means of this bead 59 on the cutting edge 52 
chips produced during the drilling are removed out of the borehole 2 (Fig. 1) together with 
the drill fluid 9 . 

The bead 59 has an opening angle 60 of about 120 ° and extends up to the drill axis 27. On 
a drill side 61 facing away from the bead 59 is an rear offset 63 reducing the cross section 
of the drill head 5 relative to an enclosing cylinder casing surface 62 of the drill head 5. 
The rear offset 63 on the drill head 5 is arranged between a first cylinder casing part sur- 
face 64 and a second cylinder casing part surface 65 of the drill head 5 and the rear offset 
63 is delimited laterally by the two cylinder casing part surfaces 64, 65. With respect to a 
direction parallel to the drill axis 27 the rear offset 63 extends over at least 50% of a length 
L 66 of the drill head 5. Preferably, the rear offset 63 extends in axial direction over at least 
75% of the length L 66 of the drill head 5 or over the entire length L 66 of the drill head 5. 
According to this embodiment the rear offset 63 is designed to have a flat surface, whereby 
a normal to the surface 67 of the rear offset 63 with an angle halving end 68 of the opening 
angle 60 of the bead 59 encloses an angle 69 of about 10°. The arrangement of the rear off- 
set 63 on the drill head 5 relative to the bead 59 is such that the angle 69 has a value from a 
range of - 50° to +50°, preferably the angle 69 is selected to have a value from a range of 
- 30° to + 30°. Towards the drill tip 13 the rear offset 63 is designed to be continuous. 

During the drilling of the borehole 2 (Fig. 1) the drill fluid 9 flows, which is transported by 
the channel 12 into the region of the drill head 5 and flows out through the outlet opening 
56 into the region of the drill tip 13 into the borehole 2, even into the region of the rear off- 
set 63 and fills the volume formed by said rear offset 63 and the side wall of the borehole 2 
(corresponds to the enclosing cylinder casing surface 62). The drill fluid 9 located in the 
region of the rear offset 63 thus forms a pressure cushion which acts as the laterally acting 
radial force 19 on the drill head 5. If the pressure of the drill fluid 9 remains constant, the 
radial force 19 also remains constant and without recognisable effect over a complete rota- 
tion of 360°. Only in the case of a periodically changing pressure pattern, which is syn- 
chronous with the rotational movement of the drill 4, does the pulsing radial force 19 pro- 
duce a force effect, the direction of which relative to the workpiece 3 has a constant di- 
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mensional alignment. In this way a deflecting action is exerted on the drill head 5 of the 
drill 4 which is directed in the corresponding dimensional direction. The design of the rear 
offset 63 in combination with a rotationally synchronous periodic pressure pattern of the 
drill fluid 9 directed into the region of the drill tip 1 3 makes it possible to specifically in- 
fluence the longitudinal dimension of the borehole 2 (Fig. 1). 

The rear offset 63 is preferably designed to have a width 70, so that the ratio of the diame- 
ter D 5 1 of the drill head 5 to the width 70 equals a value from a region of up to a maxi- 
mum 0.8. The ratio of the diameter D5 1 to the width 70 is preferably a value from a range 
of from 0.1 to 0.7. The ratio of the length L 66 of the drill head 5 to its diameter D 51 has a 
value from a range of 0.5 to 10. Preferably, the drill head 5 is shaped so that the ratio of the 
length L 66 to the diameter D 51 has a value from a range of from 1 to 4. 

The specific influencing of the longitudinal dimension of the borehole 2 can also be sup- 
ported by a special choice of the shape of the cutting edge 52 on the drill tip 13 of the drill 
head 5. It is provided that a first cutting edge angle 71 of the first cutting edge section 53 
relative to the drill axis 27 has a value of at least 70°. Preferably, for the first cutting edge 
angle 71a value of at least 80° is selected. Also a second cutting edge angle 72 which is 
enclosed between the second cutting edge section 54 and the drill axis 27 has a value from 
a range of from 20° to 90°. Preferably, for the second cutting edge angle 72 a value from a 
range of 35° to 80° is selected. The cutting edge tip 55 formed between the two cutting 
edge sections 53, 54 is spaced apart from the enclosing cylinder casing surface 62 of the 
drill head 5 by an edge distance 73, whereby the value of the edge distance 73 is selected 
preferably from a range of 1/10 to 1/3 of the diameter D 5 1 . A value for the edge spacing 
73 from a range of 1/5 to 1/4 of the diameter D 5 1 has proved advantageous. This design of 
the cutting edge 52 with the relatively large first cutting edge angle 71 enables an effective 
lateral deflection by radial force 19. 

In a further embodiment variant of the drill head 5 of the drill 4 according to the invention, 
the second cutting edge section 54 is rounded on its end region 74 facing away from the 
drill axis 27 or the cutting edge tip 55 towards the enclosing cylinder casing surface 62. 
This alternative embodiment is illustrated in Fig. 2 by dashed lines. In this case the second 
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cutting edge section 54 at this end area 74 has a radius of curvature 75 the value of which 
corresponds to a maximum of Vi the diameter D5 1 . According to the shape of the drill head 
5 that is rounded towards to the enclosing cylinder casing surface 62 it is also provided that 
the edge of the drill tip 13 adjoining the second cutting edge section 54 and facing the en- 
closing cylinder casing surface 62 is also rounded and has a enclosing phase (not shown). 

The diameter D 51 of the drill 4 is preferably selected from a range of 3 mm to 40 mm. 
Drills 4 with a diameter D5 1 from of range of 4 mm to 20 mm have proved to be particu- 
larly advantageous. 

By way of the following Figs. 4 and 5 a further embodiment of the drill 4 according to the 
invention is described. 

Fig. 4 shows a side view of the drill 4 with a second outlet opening 76 which is arranged in 
a surface area 77 of the rear offset 63. 

Fig. 5 shows a plan view of the drill head 5 of the drill 4 according to Fig. 4. An opening 
axis 78 of the outlet opening 76 is aligned here parallel to the normal to the surface 67 of 
the rear offset 73 or the surface area 77. By allowing the drill fluid 9 (Fig 1) to flow 
through this second outlet opening 76 directly into the area of the rear offset 63 any ob- 
struction of the pressure pulses of the drill fluid 9 through the route via the front face 57 of 
the drill tip 13 is avoided and thus the development of radial force 19 is facilitated. 

In a further embodiment variant it is possible for one or more outlet openings 76 to be 
formed in the drill head 5 of the drill 4 only in the region of the rear offset 63. The outlet 
opening 56 in the region of the face side 57 of the drill tip 13 is not provided in this alter- 
native embodiment. In this way it is possible that when drilling with the drill 4 at least a 
partial flow of the drill fluid 9 is directed against a side internal wall of the borehole 2 
(Fig. 1). 



Fig. 6 shows a further embodiment of the drill 4 with an outlet opening 76 in the region of 
the rear offset 63 according to Fig. 5 in plan view of the drill tip 13. The second outlet 



opening 76 is inclined in relation to the normal to the surface 67 of the rear offset 63 , i.e. 
the opening axis 78 encloses with the normal to the surface 67 an angle of inclination 79 
which is selected from the region of up to a maximum of 80°. The opening axis 78 of the 
second outlet opening 76 is preferably aligned so that the angle of inclination 79 has a 
value from the region of from 30° to 60°. 

Fig. 7 shows a side view of the drill 4 according to Fig. 6. The rear offset 63 unlike the 
previously described embodiments of the drill 4 towards the drill tip 13 is delimited by a 
further cylinder casing part surface 80 of the enclosing cylinder casing surface 62 accord- 
ing to the diameter D 5 1 . Said cylinder casing part surface 80 acts on the one hand as a 
guiding phase for the drill head 5 for sliding bearing against the inner wall of the borehole 
2 (Fig. 1) and prevents on the other hand the drill fluid 9 from escaping from the region of 
the rear offset 63 via the front side 57 of the drill tip 13 towards the bead 59. By delimiting 
the rear offset 63 with the cylinder casing part surface 80 the formation of radial force 19 is 
facilitated by the introduction of pressure pulses. 

In a further embodiment two or more rear offsets 63 are formed that are spaced apart from 
one another by intermediate cylinder casing part surfaces, whereby in the surface region 77 
of the rear offset 63 an outlet opening 76 of the channel 12 is provided. 

In the embodiments of the drill 4 according to Figs. 2 to 5, the rear offset 63 is aligned par- 
allel to the drill axis 27 or the longitudinal middle axis of the drill 4. According to an alter- 
native embodiment of the drill 4 it is also possible for the rear offset 63 to be inclined rela- 
tive to the drill axis 27. 

A further embodiment of the drill 4 enables the action of a torque on the drill head 5 of the 
drill 4. For this next to the outlet opening 76 in the region of the rear offset 63 (Fig. 4) a 
further outlet opening (not shown) is arranged in a surface area of the drill head 5 formed 
by the bead 59. The outlet opening 76 in the region of the rear offset 63 is thereby arranged 
closer to the drill tip 13 than the second outlet opening in the bead 59. A pressure pulse of 
the drill fluid 9 introduced through the channel 12 into the region of the drill head 5 of the 
drill 4, due to the corresponding reaction forces on the drill head 5, has the effect of a 
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torque. This design of the drill head 5 allows for an additional independent way of influ- 
encing the longitudinal dimension of the borehole 2 (Fig. 1). 

On executing the method according to the invention for drilling deep boreholes 2 it is also 
intended to interrupt the drilling with the drill 4 with diameter D5 1 in order to influence the 
longitudinal dimension of the borehole 2 and to drill a partial length of the borehole 2 by 
means of a drill pipe in combination with a conventional single lip drill or a drill 4 as de- 
scribed above. In this instance a corresponding borehole is prebored eccentrically in rela- 
tion to the longitudinal middle axis of the borehole 2 (Fig. 1) with a drill, the diameter of 
the drill being smaller than the diameter D5 1 . If afterwards the drilling process is contin- 
ued with the original drill 4 with diameter D 51, the drill head 5, on penetrating into the 
prebored borehole or on drilling the prebored borehole, experiences a deflection or radial 
force 19 according to the off-centre arrangement of the prebored borehole. 

Fig. 8 shows a bore pipe 91 with a drill 92 for producing an eccentric prebore. 

The bore pipe 91 comprises a bore bush shaft 93 in one end of which a drill bush 94 is in- 
serted and secured. The drill bush 94 has a drill guiding hole 95 which is arranged eccen- 
trically in relation to a longitudinal middle axis 96 of the drill bush 94. If the drill pipe 91 
is now inserted into the borehole 2 (Fig. 1) and by rotating the drill guiding hole 95 is 
aligned accordingly, by means of the drill 92 an eccentric borehole can be prebored with a 
suitably smaller diameter. 

Preferably, a metal pipe is used as a drill bush shaft 93, at one end region of which the drill 
bush 94 is inserted and is secured therein for example by adhesion. 

Fig. 9 shows a drill bush 94 of a drill pipe 91, according to Fig. 8, in cross section. The 
drill guiding hole 95 is arranged off-centre relative to the longitudinal middle axis 96 of the 
drill bush 94. According to this embodiment of the drill bush 94 an axis 97 of the drill 
guiding hole 95 is aligned parallel to the longitudinal middle axis 96 of the drill bush 94. 
An external diameter 98 of the drill bush 94 is slightly smaller than the diameter D 5 1 of 
the drill head 5 of the drill 4 (Fig. 2) and can thus be inserted into the borehole 2 (Fig. 1). 
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The drill guiding hole 95 is designed to have a diameter 99 which is measured so that the 
drill 92 (Fig. 8) can be guided through with the least possible amount of play. 

Fig. 10 shows a further embodiment of a drill bush 94 of a drill pipe 91, according to Fig. 
8, in cross section. 

The drill guiding hole 95 is in this embodiment of the drill bush 94 inclined relative to the 
longitudinal middle axis 96. This means that the axis 97 of the drill guiding hole 95 en- 
closes with the longitudinal middle axis 96 of the drill bush 94 an angle of inclination 100. 
The angle of inclination 100 is selected from a range of between 0° and 5% preferably bet- 
ween 0.5° and 1.5°. By means of this drill bush 94 a correspondingly oblique prebore can 
be produced in the borehole 2 (Fig. 1). If after the predrilling using said drill bush 94 the 
drilling process is continued with the original drill 4 with diameter D 51, the drill head 5 on 
penetrating into the prebored borehole or drilling the prebored borehole experiences a de- 
flection or radial force 19, according to the angle of inclination 100 and the radial direction 
of the drill guiding hole 95 selected on inserting the drill pipe 91 into the borehole 2 (Fig. 1). 

Fig. 1 1 shows a further embodiment of the device 1 for drilling the borehole 2 in the work- 
piece 3 in a schematically simplified view. 

The radial force 19 is generated in this embodiment of the device 1 by electromechanical 
methods. For this a piezoelectric element 105 is provided on the drill head 5 of the drill 4. 
Via a line 106 the piezoelectric element 105 is connected with control electronics 107. In 
order to influence specifically the longitudinal dimension of the borehole 2 the speed or 
frequency of rotation of the drill 4 and the current position or alignment of the cutting edge 
52 (Fig. 3) is determined by the control device 29 by picking up the data from the rotary 
sensor 28, and by forwarding signals to the control electronics 107 the piezoelectric ele- 
ment 105 is made to generate rotationally synchronous, periodic pressure pulses. The di- 
rection of the radial force 19 is adjusted, as explained above, by a corresponding selection 
of the time phase shift in relation to the rotational movement of the drill 4. 

Also with this embodiment of the device 1 the drill fluid 9 (Fig. 1) is fed into the borehole 
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2 in the region of the drill head 5 of the drill 4 through the channel 12 into the drill 4 and is 
used in the normal way to cool and lubricate the drill 4 as well as to remove the chips. 
However, for a better overview a corresponding drill fluid circuit (Fig. 1) is not shown in 
Fig. 11. 

The measuring device 30 for measuring the longitudinal dimension of the borehole 2 is de- 
signed in this embodiment of the device 1 by a measuring system using electromagnetic 
radiation. The measuring head 31 is also equipped with a radiation detector 108. Further- 
more, on the drill head 5 an element emitting electromagnetic radiation is provided. The 
radial distance 32 can be measured according to a suitable calibration of the radiation de- 
tector 108 by way of the intensity of the electromagnetic radiation coming from the drill 
head 5. By means of the material of the workpiece 3 located between the drill head 5 and 
the radiation detector 108 the emitting electromagnetic radiation experiences a correspond- 
ing attenuation, which can be used as a basis for determining the radial distance 32. 

Fig. 12 shows a drill 4 according to the embodiment of the device 1 according to Fig. 11. 

The piezoelectric element 105 is arranged on the drill side 61 facing away from the bead 59 
on the side of the drill head 5. An external bearing side 109 of the piezoelectric element 105 
is thereby formed in alignment with the enclosing cylinder casing surface 62 of the drill head 
5. This means that if the drill 4 is located in the borehole 2 the piezoelectric element 105 is 
located with its bearing side 1 09 on the lateral interior wall of the borehole 2 or the bearing 
side 109 slides on said lateral interior wall. By means of introducing suitable electric 
pulses, which are supplied via the line 106, the piezoelectric element 105 can be used to 
generate a pressure pulse or a force which is directed against the lateral interior wall of the 
borehole 2 (Fig. 11). The radial force 19 acts on the drill head 5 as a reaction force thereto. 

In the drill head 5 an element 110 emitting electromagnetic radiation is also arranged. It is 
preferably positioned as close as possible to the drill axis 27. The element 110 emitting 
electromagnetic radiation is used in cooperation with the radiation detector 1 08 of the 
measuring device 30 (Fig. 1 1) to measure the longitudinal dimension of the borehole 2 or 
its distance 32 from the surface 33 of the workpiece 3. Preferably, a piece of an element 
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emitting gamma radiation is used as the element 110 emitting electromagnetic radiation. 
The element 110 and the radiation detector 108 thus form part of a gamma radiation meas- 
uring system. 

By means of the device 1 according to the invention it is thus possible to carry out a 
method for drilling particularly deep boreholes 2. Even at depth/diameter ratios of bore- 
holes 2 of greater than 100 and also greater than 300, by means of this method it is still 
possible to influence the longitudinal direction of the borehole 2 in a specific manner. 

By using the control device 29 it is possible to perform the method in a manner that is as 
automated as possible. A typical drilling process using the device 1 consists of the follow- 
ing steps. Firstly, the drilling of the borehole 2 is begun without the action of a periodic 
radial force 19. As the drill 4 penetrates further into the workpiece 3, at preselected Z posi- 
tions (Fig.l) or also continually the actual position of the borehole 2 can be measured by 
means of the measuring device 30. If by way of the measured X-Y values a deviation from 
the desired - usually straight - longitudinal direction of the borehole 2 can be established, 
the corresponding radial direction of the radial force 1 9 is calculated by the control device 
29, which is necessary to return the longitudinal path of the borehole 2 to the desired ideal 
direction. This procedure can be observed by means of further, continual or even intermit- 
tent measurements of the distance 32 by means of the measuring device 30, in that the fur- 
ther longitudinal dimension of the borehole 2 is established by measuring the correspond- 
ing X-Y values. By means of the control device 29 thus even during the continuing drilling 
procedure a new calculation of the necessary radial direction of the radial force 1 9 and a 
corresponding control of the valve 26 of the drill fluid circuit 8 (Fig. 1) or control of the 
control electronics 107 for the piezoelectric element 105 (Fig. 11) can be carried out. The 
device 1 according to the invention thus forms a control circuit or a control system, in that 
the reaction to the path of the drill 4 to the pulsing radial force 19 is measured and the in- 
formation obtained therefrom is used for readjusting the direction of the radial force 19. 

Particularly if the measurement of the longitudinal dimension of the borehole reveals that 
the action of the radial force 19 is not sufficient in the aforementioned manner, the drilling 
procedure with the drill 4 can be interrupted in order to make a so-called tap hole bore us- 
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ing the drill pipe 91 with the drill 92 (Fig. 8). For this the drill pipe 91 with the eccentri- 
cally arranged drill guiding hole 95 of the drill bush 94 is inserted into the borehole 2 (Fig. 
1) and the drill guiding hole 95 is aligned so that it is as close as possible to the desired, 
ideal longitudinal direction of the borehole 2. The drill 92 is then guided through the drill 
guiding hole 95 and drills a bore over a length which corresponds approximately to the 
length L 66 of the drill head 5 of the drill 4. The drill 92 and the drill pipe 91 are then re- 
moved from the borehole 2, and then the drilling process is continued by using the drill 4 
with diameter D 5 1 . 

The method according to the invention is used preferably to produce boreholes 2 in a 
workpiece 3 that are as straight as possible. By measuring the longitudinal dimension of 
the borehole 2 during the drilling process or the progressive penetration of the drill 4 into 
the workpiece 3 and the specific action of radial force 19 on the drill head 5 of the drill 4, 
the so-called average deviation, i.e. the deviation of the borehole 2 from the ideal, straight 
longitudinal direction can be kept as low as possible. Of course, it is also possible by 
means of the method according to the invention to produce a borehole 2 with a curved, i.e. 
not straight longitudinal dimension. 

The exemplary embodiments show possible embodiment variants of the device 1 for drill- 
ing deep boreholes 2, whereby it should be noted at this point that the invention is not re- 
stricted to the specifically illustrated embodiment variants but rather various combinations 
of the individual embodiments are possible and due to the teaching on technical procedure 
in the present invention these would be within the ability of a person skilled in this techni- 
cal. Thus all conceivable embodiment variants, which are possible by combining individ- 
ual details of the embodiment variants shown and described, are also covered by the scope 
of protection. 

Lastly, for form's sake it should be noted that for a better understanding of the structure of 
the device 1 for drilling deep boreholes 2, the latter or its components have not been repre- 
sented true to scale and/or have been enlarged and/or reduced in size. 
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The underlying objective of the independent solutions of the invention can be taken from 
the description. 

Mostly, the individual embodiments shown in detail in Figs. 1; 2, 3; 4, 5; 6, 7; 8, 9, 10; 11; 
12 can form the subject matter of independent solutions according to the invention. The 
relevant objectives and solutions according to the invention can be taken from the detailed 
descriptions of these figures. 
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List 


of Reference 


Numbers 


1 


Device 


36 


Ultrasound transmitter 


2 


Borehole 


37 


Ultrasound receiver 


3 


Workpiece 


38 


Pressure sensor 


4 


Drill 


51 


Diameter D 


5 


Drill head 


52 


Cutting edge 


6 


Drill shaft 


53 


Cutting edge section 


7 


Drill spindle 


54 


Cutting edge section 


8 


Drill fluid circuit 


55 


Cutting edge tip 


9 


Drill fluid 


56 


Outlet opening 


10 


Tank 


57 


Face side 


11 


Pump 


58 


Opening axis 


12 


Channel 


59 


Bead 


13 


Drill tip 


60 


Opening angle 


14 


Collection container 


61 


Drill side 


15 


Coarse filter 


62 


Cylinder casing surface 


16 


Fine filter 


63 


Rear offset 


17 


Rotary transfer 


64 


Cylinder casing part surface 


18 


Supply line 


65 


Cylinder casing part surface 


19 


Radial force 


66 


Length L 


25 


Pulse line 


67 


Normal to the surface 


26 


Valve 


68 


Angle halving end 


27 


Drill axis 


69 


Angle 


28 


Rotary sensor 


70 


Width 


29 


Control device 


71 


Cutting edge angle 


30 


Measuring device 


72 


Cutting edge angle 


31 


Measuring head 


73 


Edge distance 


32 


Distance 


74 


End area 


33 


Surface 


75 


Radius of curvature 


34 


Measuring head support 


76 


Outlet opening 


35 


Depth 


77 


Surface area 



78 Opening axis 

79 Inclination angle 

80 Cylinder casing surface 

91 Drill pipe 

92 Drill 

93 Drill bush shaft 

94 Drill bush 

95 Drill guiding hole 

96 Longitudinal middle axis 

97 Axis 

98 Diameter 

99 Diameter 

1 00 Angle of inclination 

105 Element 

106 Line 

107 Control electronics 

108 Radiation detector 

109 Bearing side 

110 Element 



